The paper presents the compositional analysis of sewage supplied to and discharged from the wastewater treatment plant in Kolbuszowa Dolna in the Subcarpathian region. The analysis was based on three basic indicators of sewage pollution (BOD 5 , COD Cr , total suspended solids) and two biogenic indicators (total nitrogen and total phosphorus). The composition of sewage was studied in the years 2010-2015. Basic descriptive statistics for the values of the analyzed indicators of sewage pollution were summarized and the obtained results were interpreted. The study showed that the sewage was susceptible to biological treatment. Descriptive statistics for the relationship between the following indicators were presented: COD Cr /BOD 5 , BOD 5 /N tot , BOD 5 /P tot . The collected results indicate high variability of the composition of sewage entering the studied facility. The coefficients of variation for the values of basic indicators (BOD 5 , COD Cr , total suspended solids) in the raw sewage were similar and amounted to W n = 0.45 while for total nitrogen it was W n = 0.33 and for total phosphorus W n = 0.40. The analysis of the collected material showed that sewage entering the treatment plant was readily biodegradable. On the other hand, the treated sewage was characterized by low values of the analyzed indicators, much below the permissible values provided by the water permit. The raw sewage was divided into five groups depending on the concentration of each pollution indicator. The number of raw sewage samples was determined for each group of the analyzed pollution indicator concentrations.
INTRODUCTION
Poland's accession in the European Union involved its commitment to comply with applicable laws on water and sewage management. The essential framework document on the subject is the Waste Directive. Based on this document, Poland has developed its National Programme for Municipal Waste Treatment [KPOŚK 2003 ]. It states that agglomerations with population equivalent (PE) of at least 2000 must have collective sewerage systems discharging the sewage into wastewater treatment plants (WTP) (Miernik and Młyński 2014a; Miernik and Młyński 2014b; Chmielowski et al. 2015) . The Program has been updated several times and its master plan has been developed recently. The document comprises assorted data summaries for agglomerations of PE > 2000. The document enables the assessment of progress in the construction of new wastewater treatment plants and modernization of existing ones. The size of agglomerations is also referred to in the Regulation [2014] . The document comprises a Table stating the permissible values of pollution indicators for sewage incoming from agglomerations of various sizes. It is worth noting that, according to the provisions of the Waste Directive, Poland recognized an obligation to ensure good condition of its waters by the end of 2015. Most of the work has been done already, although some of the postulations still remain to be completed. Therefore, all efforts should be made to improve the composition of sewage discharged by agglomerations in our country. Efficient sewage systems are required so that sewage can be discharged into collective wastewater treatment plants (Mikołajczyk and Krajewski 2014) .
STUDY SCOPE AND OBJECTIVES
The aim of this research work was to analyze the values of pollution indicators for the incoming and discharged sewage for the WTP in Kolbuszowa Dolna in the Subcarpathian region. The analysis was based on three key sewage pollution indicators (BOD 5 , COD Cr , total suspended solids) and two biogenic indicators (total nitrogen and total phosphorus). The compositional analysis of sewage was performed in the years 2010-2015. Basic descriptive statistics for the values of the analyzed indicators of sewage pollution were summarized and the results were interpreted. The study also shows that raw sewage is susceptible to biological treatment. Descriptive statistics for the relationships between the following indicators are shown: COD Cr /BOD 5 , BOD 5 /N tot , BOD 5 / P tot . Moreover, the raw sewage was divided into five categories, depending on the concentration of specific pollution indicators. The number of the raw sewage samples was determined in each group for the analyzed pollution indicators.
DESCRIPTION OF THE STUDY OBJECT
The WTP is located in Kolbuszowa Dolna near Rzeszów in the Subcarpathian region. It is a mechanical and biological plant with an integrated system designed to eliminate nitrogen and phosphorus. Sewage arrives in the WTP from a combined sewerage system. After treatment, the sewage is discharged into the stream named Nil -a quaternary, right-bank tributary of the stream Przyrwa which, in turn, flows into the river Łęg -a right-bank tributary of the Vistula. According to the water permit [ . In simple terms, the WTP is composed of a mechanical part (fine-bar screen and sand trap) and a biological part (biological reactor and radial secondary settling tanks). Figure 1 shows a simplified flow sheet for the WTP in Kolbuszowa Dolna. The essential part of it -the biological reactor -comprises several chambers, where predenitrification, dephosphatation, nitrification, and denitrification processes take place. The design solution enables high-efficiency treatment with a simultaneous removal of biogenic compounds. The water permit is valid till 31.12.2019.
MATERIALS AND METHODS
An analysis of the values of pollution indicators for the incoming raw sewage and for that discharged into the receiving water body after treatment is discussed in this paper. Sewage samples were collected once a month as required by applicable standards (PN-74/C-04620/11, PN-EN 25667-2:1999). The indicators were determined as follows: BOD 5 -manometric method, COD Cr -dichromate method, total suspended solids -directly by weighing, total nitrogen and total phosphorus -by spectrophotometry. The sewage samples were tested by an accredited laboratory. A total of 259 measurement series were performed (for raw sewage and for treated sewage), during which a total of 518 sewage samples were tested. Based on the test results, the efficacy of reduction of the pollution indicators was determined using the following equation. (1) The following basic descriptive statistics were established for the analyzed pollution indicators of raw sewage and treated sewage: mean value (X), median (m e ), minimum value (X min ), maximum value (X max ), standard deviation (s), coefficient of variation (V var ), range (R o ). An attempt was made to assess the biodegradability of raw sewage by defining its basic descriptive statistics for the ratios of values of selected pollution indicators: COD Cr /BOD 5 , BOD 5 /N tot , BOD 5 / P tot . The raw sewage was divided into categories with respect to its concentrations of the pollution indicators. Ranges of individual intervals were determined based on the reports by Henze [1982, 1992, 2002] . Taking into account the compositions of the sewage, five main categories were established: I -highly concentrated, II -concentrated, III -moderately concentrated, IV -diluted, V -highly diluted. The sewage categories accounted for the following pollution indicators: BOD 5 , COD Cr , total suspended solids, total phosphorus and total nitrogen. The percentages of test samples belonging in each sewage category were determined.
RESULTS AND DISCUSSION
At the first stage of the study, the values of the pollution indicators for the raw sewage entering the WTP in Kolbuszowa Dolna were analyzed. Table 1 shows the basic descriptive statistics of pollution indicators for the raw sewage.
The data in Table 1 , indicating that the parameter falls in group III of sewage concentration. The content of biogenic indicators (total nitrogen, total phosphorus) was also analyzed and it was found that mean concentration of total nitrogen was 44. 6 Table 2 presents concentrations of selected pollution indicators in raw sewage. Henze [2002] categorized raw sewage into four main groups: highly concentrated, moderately concentrated, diluted, highly diluted.
Considering the concentration of individual pollution indicators, more detailed categories of sewage pollution were adopted in this study. Table 3 presents our categories of raw sewage depending on its pollution concentration. Ranges of individual intervals were determined based on the reports by Henze [1982 Henze [ , 1992 Henze [ , 2002 . The sewage was divided into five basic groups: I -highly concentrated, II -concentrated, III -moderately concentrated, IV -diluted, V -highly diluted. The sewage groups accounted for the following pollution indicators: BOD 5 , COD Cr , total suspended solids, total phosphorus and total nitrogen. Table 4 shows the number of samples of raw sewage in various concentration groups.
The data in Table 4 indicate that, as far as the value of BOD 5 is concerned, the incoming sewage was dominated by the moderately concentrated group (32.8%) in contrast to the strongly concentrated group, for which the percentage was the lowest at 3.9%. For COD Cr , it was found that group IV -diluted sewage (32.1%) was dominant, and group V -highly diluted sewage (6.9%) was the least frequent. As regards total suspended solids, 
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Total phosphorus groups III and IV were dominant, constituting a total of 71% of all the sewage samples. In the case of total nitrogen, group III was dominant (57.2%).
As regards total phosphorus in the incoming sewage, group IV of diluted sewage prevailed. Figure 2 shows mean values of COD Cr /BOD 5 ratio for each month in the years 2010-2015. Figure 2 presents mean values of COD Cr /BOD 5 ratio for each month in the years 2010-2015. They indicate that the sewage entering the WTP in Kolbuszowa Dolna was readily biodegradable. According to Henze [2002] , ratios COD/BOD 5 > 2 mean that the sewage is readily biodegradable. The highest mean value of COD/BOD 5 ratio was observed in October (2.45), whereas the lowest ratios were recorded for November and December. Figure 3 shows mean values of BOD 5 / N tot in raw sewage for each month in the years 2010-2015.
The data in Figure 3 indicate that the sewage entering the WTP in Kolbuszowa Dolna tends to have a favorable BOD 5 /total nitrogen ratio for most months. According to literature [Henze 2002 ], the ratio BOD 5 /N tot should preferably be higher than 5. Values of BOD 5 /N tot lower than 5 were recorded for February (4.6), March (4.7), and July (4.8). They were slightly lower than the recommended value of 5.0. This means that BOD 5 /N tot ratio was favorable for most of the raw sewage, thus enabling efficient removal of total nitrogen from the sewage. Figure 4 shows mean values of BOD 5 / P tot in raw sewage for each month in the years 2010-2015. Table 5 shows basic descriptive statistics for pollution indicators of treated sewage discharged from the WTP in Kolbuszowa Dolna.
The data in (from December to March), characterized by low air temperatures. This is clearly seen in Figure 6 , showing mean values of total nitrogen in the respective months in the years 2010-2015. The bacteria involved in nitrification and denitrification processes are sensitive to low temperatures. Figure 5 shows mean concentrations of total nitrogen in treated sewage for each month in the years 2010-2015. The values were lower in the summer months (July and August) and higher in the winter (December, January, February, March). This is attributable to lower temperatures of the air, potentially affecting the intensity of nitrification and denitrification processes. The temperature of sewage in the winter may fall as low as -10 o C, which may eventually stop the processes connected with the elimination of nitrogen from sewage. The lowest concentration of total nitrogen in the treated sewage was recorded for August and July -the months with the highest air temperatures (the mean was 7.2 mgN tot . dm -3 and 7.8 mgN-
, respectively). The highest values of total nitrogen in the treated sewage were calculated for February and March (mean 9.8 mgN tot . dm -3 ). When analyzing the cases where the permissible values for treated sewage were exceeded, it was found to have occurred in the winter months. It is postulated that, in order to improve the efficiency of elimination of total nitrogen, the biological reactor should be made hermetic, potentially resulting in the sewage temperature being reduced by as much as several degrees Celsius. Figure 6 shows mean concentrations of total phosphorus in treated sewage for each month in the years 2010-2015. The maximum for total phosphorus was not higher than 0.8 mgP tot .
dm
-3 . This shows that the dephosphatation process runs correctly and is aided by chemical precipitation, reducing the value of total phosphorus even further.
CONCLUSIONS
An analysis of values of pollution indicators of the incoming and treated sewage for the wastewater treatment plant in Kolbuszowa Dolna in the Subcarpathian region is presented in this paper. The percentage of samples of raw sewage in each analyzed group with respect to its concentration . The wide range of values for the analyzed indicators in raw sewage is attributable to the fact that incidental or infiltration waters enter the sewerage system and tend to dilute domestic sewage, but also to extremely high values of pollution indicators, which may be due to the presence of liquid sewage arriving in vacuum tanks. 
3.
Taking into consideration the concentration of raw sewage, the predominant groups were: group III (moderately concentrated sewage) in the case of BOD 5 and total nitrogen, and group IV (diluted sewage) in the case of COD Cr , total suspended solids and total phosphorus. In general, the diluted and strongly diluted sewage groups had very high percentages of raw sewage samples for each pollution indicator (BOD 5 and COD Cr 39 % each, total suspended solids -49%, total nitrogen -36.2% and total phosphorus -54.1%).
4. Total nitrogen concentration in the treated sewage in the analyzed period was variable, depending on which month of the year was considered: the lowest values were recorded for the summer months (July, August), and the highest for the winter months (from December to March). This is attributable to the air temperature which, when low, was capable of slowing down the nitrification and denitrification processes taking place in the reactor. It is postulated that, in future, the biological reactor should be made hermetic by means of plastic elements: they will enable the sewage temperature to be kept somewhat higher during the winter months and will also help reduce odor nuisance in the immediate vicinity of the treatment plant. The solution has already been implemented in the WTP in Połaniec and its preliminary results seem to be proving it was justified. , total nitrogen -8.7 mgN tot dm -3 and total phosphorus -0.5 mgP tot . dm -3 . They indicate that the sewage discharged from the WTP in Kolbuszowa Dolna was characterized by low values of pollution indicators, showing that the processes taking place in it were running correctly. Total nitrogen concentration was the only value for which the permissible limit was exceeded by several times in the winter months.
